(1 2) PATEMT ABSTRACT (1 1 ) Document No. AU-A-70849/91 

(19) AUSTRALIAN PAl^ENT OPnCB 

(54) Title 

EXAMINIATIOI^ OF PHYSICAL PROPEBTIES OF THIN FILMS 

Internationa! Patent Ciassification(s) 
(61)^ GOII^J 021/65 

(21) Application No. : 70849/91 (22) Application Date : 08.02.91 

(30) Pnorlty Data 

(31) Hutnber (32) Date (33) Country 

4004088 10,02.90 DE FEDERAL REPUBLIC OF GERMAf^Y 

(43) PLiblication Date : 15-08*91 

(71) Applicant(s} 

BASF AKTIEMGESELLSCHAFT 

(72) inventor(s) 

WOLFGANG KMOLL; HARALD KNOBLOCH 

(74) Attorney or Agent 

WATEBMARK PATEMT & TRADEMARK ATTORNEYS, Locked Bag S, HAWTHORN VIC 
3122 

(57) Claim 

X. A method for exaniining t:he physical propertiies of 

thin filias with the aid of polarized light ^ which com* 
prises directing polarised light at a layer system^ 
exciting piasiaon surface polaritons therein and thereby 
creating Raman- scattered light within the layer or layer 
system under exaiEination^ and iiTiaging said light on a 
detector using an imaging system. 

15* A method as claimed in claim i for use in Raman 

spectroscopy, wherein the angle dispersion of plasmon 
surface polaritons excited in the layer system under 
examination is utilised for the spectral resolution of 

the Raman lines , 
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ExgiiEinatlofi of Bliy sical properiiies of thin films 

The present; invenl:ion relates to a method for 
examining physical propert:ias of thin films with the aid 
of polarised light, by ^ssing poIari2:ed light to ejccite 
5 plasmon surface polaritons in a layer system* The method 

according to the present invention nakes it possible to 
carry out. R.sman-spsct;roscopic examinations with minimal 
hardware ^ 

Plasmon surface polaritons (FSPs) are bcund^ non- 
10 radiative,- alectroniagnetic modes which propagate along a 
laetai/dleiectric interface* Their field strength is at a 
masimmn a-t the metal surface and decays exponentially not; 
only into the iiaet:al but also int^o the dielectric {cf, 
H* Raether^ in Physics of Thin Films Vol. 9, 145-261^ Hew 
15 York 1977} . 

The interest in plasmon surface polaritons has 
increased in recent years ^ since they can be successfully 
used for field enhanceMent In the various sorface- 
speciiroscopic examinations of adsorbates and ultrathin 
20 films/layer systems (cf. E,M. Corn^ M«Ra Philpott^ J. 

Cham. Fhys* 80 (1984)^ 3245--49)« 

Raman scattering is a light scattering method in 
which the spectral position and intensity of the non- 
resonant iy ssscattered light (here PSF) provides informa-' 
25 tion about the Molecular structure of the examined sample 

(cf. Knobloch^ Duschl^ Knoll^ J* Cham* Phys. 91 (1989)^ 
3810-14)1 Ra^an-scattered light is shifted in the spec- 
trum compared with the im:id€mt light (Stokes shift 

It Is an object of the present invention to 
30 provide a method which makes it possible to carry out 

Raman-'Spectroscopic examinatioBS of ultrathin filias /layer 
systems with a minii^'^- of optical components^ 

Whereas the existing methods for Raman-spec tro^ 
scopic esamiinations req^ii^re specific equipmsnt for 
35 spectral analysis for e^a^tuple monochromators 5. the method 

according to the present Itwentlon makes it poselbla to 
dispense with a monochromator or similar equipment for 
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spectral analysis, 

The me1:hod accordlxig l:o th® present; im^ention 
makes it: possible to image the Eajtian- scat; tiered light from 
the layer/ layer system iinder examination directly on a 
camera with a lens. This is accomplished -using surface- 
enhanced Raman spectroscopy by utilising the angle 
dispersion and polarising properties of plasiaon surface 
polaritons (cf. Knoll et al^^ J, Chem* Phys« T? (1982)^ 
2254) . 

We have foond^ surprisingly that the stated 
object is achieved by a saethod for the Raiaan-spectro- 

scoplc eKiMiination of nltrathin layers/layer systems 
f thickness < 0,1 ^m) wherein the layers under examination 
have bean applied to a solid support and are examined by 
means of surface-enhanced Raman spectroscopy as a func-* 
tion of the angle of incidence and the angle of 
obser^iration 

The present invention accordingly provides a 
method for examining the physical properties of thin 
films with the aid of i>olarised lights which comprises 
directing polarised light at a layer systeis^ exciting 
plasmon surface polaritoas therein and thereby creating 
within Raman-scattered light the layer or layer system 
under e^aiEinatiop.,, and ilmciging said light on a detector 
using an iiisaging system « 

The plasmon surface polaritons are in general 
excited at a metal/ or seMxconductor/dieiectric inter- 
face • 

To eKCite plasmon surface polaritons^ the coupler 
uSQ:d is in, particular a prism or a grid structure on a 
solid surface. 

In preferred embodiments of the method according 
to the present invent loai? a metal or semiccnductor layer 
or th€i layer or layer system under esamiaation is mounted 
on tiiB coiiplsr^ or a ^tal or senicoiKtoctor layar and the 
layer under examination Im^^ been ^mntad on a solid 
support and tMlm solid suapport has ba^m disposed at a 
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dlst:ance of 100-400 ma from the base of a prissiic 

The imaging systeiia used is preferably a collect- 
ing lanSf a lens system or ai microscope objective. 

It is advantageous to use a two*-dimensional 
5 detector^ in particular a low-noise camera^ especially a 

CCD caiaera whose CCD chip is cooled with liquid nit:rogen. 

The present inventioa also provides a method for 
imaging the structured layer system Hinder examination in 
the Raman'^ shifted region of the spectmni by imaging the 
10 structure of the layer under examination by utilising the 

angle dispersion of plasmon surface polar itons as con- 
trast mechanism^^r and also for the use of the method 
according to the present invention for Raman spectros- 
copy^ wherein the angle dispersion of plasmon surface 
15 polaritons excited in the layer system under e^ajaination 

is utilized for the spectral resolution of the Raman 
lines . 

The method according to the present invention is 
thus suitable not only for Raman-spectroscopic examina- 
20 tion but also for imaging low-contrast but Raifnan-active 

sai^ples of any kinds of thin organic films^ for example 
lipid monolayers? cadmium arachidate, polygiutamates and 
polys i lanes. 

Plasmon surface polaritons are in general esse i ted 
25 with a coupler in an Ctto^ ^retsc^nnaon or grid configura- 

tion using monochromatic^ parallel^ polarized light* The 
light source used is preferably an argon ion laser. 

In the grid ccnf igtiration^ the layer/layer system 
under e^^aminatioa is applied to a metal or seiEiconductor 
30 layer whose surface has a arid structure. The grid 

structure is applied to the surface of the underlying 
glass substrate^ preferably by means of holographic or 
lithograiphic techniques* 

The coupling conditions for th© exciting light 
3S beam and ala© for the Stok@s-shif ted Haman-scattered 

light are determined by the angle dispersion properties 
of the BSPe^ 
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Thgp spectral analysis of th® RaiEan-sca'ttered 
light, is @ffect:eci using "the angle dispersion properties 
of l:he PSPs* 

The thickness of the layer or layer systems under 
examination ia in general < 0*1 preferably < 50 

for example within the range from 5 to 40 nm. 

Using tlie method according to the present inven* 
tiort it is possible to examine the following properties 
of thinir i^n particular ultrathin^ films g optical layer 
thickness (nxd)^ refractive index (n) and^r particularly 
ad'^antageously^ the molecular polarisabilities of the 
layer under examination (for escasople monoiaolecular films 
and multilayer assemblies) « 

The layer or layer system under exasaination can 
be applied to metal or s€imiconductor layers in a convan* 
tional mariBer^ for exaj^nple by the Langmuir-Blodgett 
techni^^ua^ by spin coatijng from solution^ by vapor 
deposition and/or by adsorption from the gas or liquid 
phase ^ suitable iietal layers being in general for example 
gold and in particular silver layers , 

The Langmuir-Blcdgett technique for fabricating 
thin filBis and multilayer assemblies is described for 
example in the paper by H. Kuhn^ D» Mobius and H. Bucher 
in Physical Methods of Chesaistryf edrs. A* Weissberger 
and E.W, Rossitter (Wiley^ ^.T, 1972)^ part III 
chapter VII* 

TO this end^ the sol-ation of the substance to be 
e^^ined^ for example a lipid,, in a low-boiling organic 
solwnt^ for e:icaiiiple chlorDform^ is spread out at the 
water/air interface and^r after the solirent has evapora- 
ted^ xs transferred in a conventional laanner by the 
Langisuir-Blodgett technigii€i' to a metallic layer of a 
solid ba.B0 material^ for example a microscope slide isade 
of glass which has been coated with silver and has been 
appropriately structured^ for @ssample with a holographic 
grid of a certain psrlodicxiu^f and modulation* 

la iiddition^ a system of optical filters can be 
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used for spectral analysis and/or for suppressing 
scat-tered light. 

The construction of the apparatus used according 
to the pr«2sent imrention is depicted in diagraiEimatic form 
in Fig^are 1, ^rhere 1 denotes the incident laser beam, 2 
the Raman- scattered lights 3 the lens (a microscope 
objective) f 4 the detector (CCD camera)^ 5 the layer 
under excminai^ion^ 6 the metal layer, and 7 the micro- 
scope slide with a grid striictiiire» 

The Scimple prepared by the abcvementioned methods 
is eKarained by means of FSF-eiihanced Raman spectroscopy^ 
meaning that the PSPs become coupled to the incident 
light via the grid/prism and are Raiman- scattered. This 
Raman-scattered light is inaaged by means of a lens onto 
a CCD caisiera, preferably cooled with liG[uid nitrogen ^ and 
recorded and can be stored for example on magnetic data 
media . 

Suitable CCD cameras are described for example in 
D.M. Batchelder^ ESII European Spectroscopy Hews^ 80 
(1988)^ 28-33. The iiiethod according to the present 
invention makes it possibl€s to image the Raman-- scattered 
light from the layer under examination directly on a 
camera* 

EXJIMFLE 1 

S layers of cadmium arachidate (CdA) are applied 
by the Langmuir-Elodgett teciinique to a microscope slide 
whose surface which bears a holographic grid (period!* 
citys QcS i^m,f isodiilatioa 5 nii) ^ been vapor-deposited 

with a 100 thick coatiii.g of silver. 

ilsifig a W lasnp and a mask^ ^ 1 wide stripe Is 
desorbed off the saiBple (irradiation timet 30 laimitesK 

The light fro^ the argon ion laser (A - 476.5 rm) 
couples to the polaritons ait mt angle of incidence of 
20®. The Raisian-scattared light is collected by means of 
a lens at angl® of obse:i::^atlon of 2® and is imaged 
through a monochromator an a nltrog@:ii™co©l@d CCD eauaera* 
The image recoisded with tfci@ CCD caMsra ^mlta clear 
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dlst;lnct;ion bet.ween coat:ed and desorbed areas • 

If the Incidep^t. llgh^ beam does not: sat:isfy the 
PSP coupling condlt-ions^ It: 1^ iiEposslble to discern any 
linage^ let: alone anj surface st:nict:ere- 
5 If the experimental setup is as above and the 

sampie is prepared as abov€L* except that the CdA is half 
deuterated and half protonated^r 1:he iss^ge obtained on the 
CCD canaera jjermits a cieaar distinction between protonated 
and deuterated areas « 
10 It is thus possible to produce a contrast between 

the materials f despite the fact that the optical proper- 
ties of the two materials a.re the same. 

E:^n^LE 2 

IS layers of aadmLmu arachidate C^^) applied 
'13 by the LangiiEuir-Blodgett technique to a microscope slide 

whose surface^ which bears a holographic grid (periodic 
citys 0.5 ii,mff modulations 5 xm) ^ has been vapor-deposited 
with a 100 mm thick coating of silver. The layer system 

t: .V IS 

thus prepared is structured through a mask by means of UV 
' ^20 desorbtion (mercury vapor lamp exposure for 1 hour). 

The light from the argon ion laser {A - €76.5 nm) 
couples with the polariton field at an angle of incidence 

of 24®. The Raman- scattered light is imaged at an angle 

1^^/ of observation of S"^ by maans of a lens system and a 

'25 system o£ filters (long pass:i Schott OG 515^ latarf erence 

. filters Forschke TCV-072) on a nitrogen-cooled CCD 

camera . 

The iinag© recorded with the CCD camsra clearly 
. . , reveals coated and desorfsed areas . 

' ' 30 If the incident light beam does not satisfy the 

PSP coupling conditions ^ it is impossible to discern any 
image f let alone any surface structure « 

A laser beam is incident upon the sansple layer 

systam isnder e^aninatioii at a FSP reeoaancs angle i^^ so 
35 tliat FSFs and the ificida:nt light are optimally coupled o 

Tke surface strmct^ara of tike ©emple Is inaged an aagle 
of ofesanration through m. laas afid filter syst^^ 
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directly on a CCD caraera. 

A suitable setup is shown in Figure 2^ where 1 
denotes the sajaple (a layer system), 2, 4 and 5 each 
denote lenses, 3 denotes a diaphragia, 6 denotes a filter 
(filter system)^ and 7 denotes tha CCD caiaera. 

Figxire 3 sliows the dispersion of plasmon surface 
polaritoRS in grid coupling, where ? (laser) denotes the 
waveiauHi^er of the incident laser light, 5 (Raman) denotes 
the ws^'eniHslser of the Hassan- scattered light, fli denotes 
the PSP resonance angle for incident laser light, and »^ 
denotes the angle of observation or the PSP resonance 
angle for Raman-scattered light. 
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THE CjLAIMS DEFINID^ TOE liWENTION ARE AS FOLJX^: 

1* A mBtihod for examining the physical properliies of 

thxB fiJLms wxth the aid of polarised light: , which com- 
prises directing polarised light at a layer system, 
eKG it ing piasmon surface polar! tons therein and thereby 
creating Raiaan-scattered light within the layer or layer 
system binder examination ^ and imaging said light on a 
detector using an imaging system. 

2* A method as claimed in claim 1^ wherein plasmon 

surface polar itons are excited at a metal /or semi- 
conductor/dielectric interface * 

3- A method as claimed in claim 2^ wherein plasmon 

surface polar i tons are excited using a coupler, 
4e A method as claimed in claii^ 3, wherein the 

coupler used is a prism. 

5* A method as daisied in claisi 3, wherein the 

coupler used Is a grid structure on a solid surface- 
s' A method as claimed in claim 3^ wherein a metal 
or semi conductor layer or the layer or layer system under 
examination is mounted on the coupler, 

7, Ji metlaod as claimed in claim 3^ wherein a metal 

or semiconductor layer and the layer under examination 
have been mounted on a solid support and this 
solid support has been disposed at a distance of from 
100 to 400 rm from the base of a prisisi* 

8* A method claimed in claim 4^ wherein a metal 

or semiconductor layer and the layer under examinat ion 
haire beea mounted on a solid support and this solid 
support has been disposed at a distance of from 100 to 
400 Bffi from tha b^se of a priaJLm. 

S. A method as claimed in clai^ 1^ wherein in 

addition a systesE of optical filters is used to suppress 
scattered light. 

10* A method as claimed In claim 1^ wherein the 
imaging syst^; used is a collets ting lens 5-. a lens system 

or a microscop© objectiire. 

11 « A method as claimard in claii^ 1^ i^herein the 
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det:ect:or Is two-dimensional. 

12. A nie-thoci as cialsaed in claim 10^ wherein the 

dcitector is a low-noise caiaera^ 

13 « A met:hod as claimed in claim 11^ wherein the 

cciHiera is a CCD camera who^e CCD chip is cooled with 
liquid nitrogen * 

14. A met:hcd as claimed in claim 1^ wherein ? to image 
the structured layer system under exaisination in the 
Rcimari'-shif ted region of the spectrtam^ the structure of 
the layer under examination is imaged using the angle 
dispersion of plasmon surface polarltons as contrast 
mc^chanism. 

15. A method as claimed in claim 1 for use in Raman 
spectroscopy^ wherein the angle dispersion of plasmon 
surface polarltons excited in the layer system under 
examination is utilised for the spectral resolution of 
the Raman lines . 
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